
CSE6392- Reasoning with Uncertainty Homework 2: FilteringandDecisionMaking

CSE6392- Reasoning with Uncertainty

Homework 2- Fall 2006

DueDate:Nov. 7 2006,7:00pm

Monte Carlo Estimation

1. You aregiventhefollowing Markov processandobservationmodel:
Statespace:
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Observations: 3 ���546�
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Observationprobabilities: ���=<;� ��� �?>A@ # ! �$>B�
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a) Show threeiterationsof aparticlefilter with

���
samplesfor thefollowing conditions:

Startstate: �8F �G� (with probability
�
)

Observedsequence(thefirst observation is madeafterthefirst time step- i.e. after thefirst model
update):

:;�$9H�
78�$4
b) Usetheresultof your filter to determineanestimatefor theexpectedvalueof thepropertiesIJ�����

and KL����� (interpretingthenumbersrepresentingstatesascontinuousvalues)after



modelsteps.IJ����� � � , KM���H� � ���ONQP�H�SR , where P� is theexpectedvaluefor thestatein thegivendistribution (i.e.TVU KL�����XW is (approximately)thevarianceof thedistribution).

Hidden Markov Models

2. You aregiventhefollowing HiddenMarkov Modelsfor two differentlybiasedcoins:

Model1:
Statespace:

�ZY[��� � Y1� � R �
Observations: 3 Y[�\�5]^�%�_�
Transitionprobabilities: � Y ���5`�� �ba8� � � ` # a �%�G�dc *�+ � *�+ �*�+.- *�+.-fe
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Observationprobabilities: � Y �=<�� ��� �?>A@ # ! �$>g� c � +,* *�+,**�+,* � +,* e
Prior probabilities: h Y ����� �?i ! �$iG�dc *�+ �*�+.-fe

Model2:
Statespace:

� R ��� � Y � � R �
Observations: 3 R �\�5]^�%�_�
Transitionprobabilities: � R ���5`�� �ba8� � � ` # a �%�G� c *�+ � *�+ �*�+ � *�+ � e
Observationprobabilities: � R �=<�� ��� �?>A@ # ! �$>g� c � +,* *�+,**�+,* � +,* e
Prior probabilities: h R ����� �?i ! �$iG�dc *�+ �*�+ � ej Usethe Forwardalgorithmto determinewhich of the two modelsbetterdescribesan actualcoin
usedwhich producedtheobservationsequence

]k�%�l�$]^�$]k�$]k�%�l�%�l�%�l�$]k�%�l�%�
. List all the m val-

uesinvolvedin thecalculations.
Y

3. Build a HiddenMarkov Model for thefollowing (unrealisticallysimplified)problemof detectingbreak-
ins in acomputernetwork:

The stateof the network can be either normal or hacked and the only observable information is the
averagebandwidthutilization within thenetwork. This informationis provided onceevery 30 minutes
and,basedon pastdata,it falls into

�
groups:

4on * N �qp ,
7rns� N ���qp ,

9tnu��� N � * p ,
:vnw� * N � * p ,

and x nA� * N � *y* p .

Previously measurementsweretakenduringnormaloperationandwhile thenetwork wascompromised
andit wasobservedthatbandwidthusageobservationsweremadewith thefollowing frequencies:j NormalNetwork:

4un8	 * p
of thetime,

7On8� * p
of thetime,

9zn8� * p
of thetime,

:�n�� * p
of thetime,

and x n�� * p of thetime.j CompromisedNetwork:
4on�� * p

of thetime,
7rnq	 * p

of thetime,
9_n�
 * p

of thetime,
:vn�	 * p

of
thetime,and x n�� * p of thetime.

Furtherstudyof thesepasteventsalsorevealedthata a break-inin thenetwork is happeningon average
every

�
hoursandlastsfor anaverageof 1.5hoursbeforetheintruderleaves.

a) Build a HiddenMarkov Model that representsthe scenariodescribedabove. Assumethat at the
beginningof theobservationsthenetwork is operatingnormally.

b) Giventhefollowing observation sequence
4{�$:{�
75�$9H�$:{�
75�$9H�$:{�$98�$:{�
46�
7

, takenbetween6:00pm and
12:00am,determineif therewerelikely any break-insby determiningthemostlikely interpretation
(i.e. correspondingstatesequence)usingtheViterbi algorithm.List theintermediatevalues( | and}

) of theViterbi algorithm.
Y~

Ratherthancomputingall thevaluesby handit mightbesimplerto write a shortprogramto computethevalues.
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